METHODS

General Setting of Study
The subjects included 67 Korean male. Inclusion criteria was the diagnosis of sleep apnea syndrome using all night polysomnography (WEE-1000 K, Nihon Kohden, Tokyo, Japan) in subjects who visited our hospital between December 2012 to January 2014. This study was performed with the approval of the Ethical Committee of Busan Saint Mary's Hospital, and the consent of all subjects. Before DISE, all patients received a thorough ear, nose, and throat examination, and a medical history was recorded. Patients with obvious retrognathia, mandibular dysplasia, or prior surgery of the soft palate or tongue, were excluded.
Drug Induced Sleep Endoscopy
The DISE technique was as follows. DISE was performed after application of local anesthetic spray in the nasal cavity. Sleep was induced by intravenous administration of midazolam (0.07 mg/kg) and patients were maintained in the supine position. In our study, DISE was performed with respiratory monitoring and with the help of an anesthesiologist in the operating room. Once asleep, a 4 mm flexible videolaryngoscope was introduced gently through the patient's nose. DISE was conducted by one otolaryngologist and the video images of recorded DISE were evaluated by three otolaryngologists, and obstruction type was classified according our classification system. 2 We next performed modified jaw thrust maneuver and also evaluated the change of the obstruction type, after modified jaw thrust maneuver.
Classification System
We divided the pharynx into two portions: the retropalatal level (the region of posterior to the soft palate) and the retroglossal level (the region of the pharynx posterior to the vertical portion of the tongue). On this basis, we formulated our classification system. 2 Our classification system included the site and degree of the obstruction: the retropalatal level was subdivided into the palate [antero-posterior (AP) diameter], lateral pharyngeal wall (lateral diameter), and combined (AP with lateral diameter). The retroglossal level was divided into the tongue base (AP diameter), the lateral pharyngeal wall (lateral diameter), and combined (AP with lateral diameter). Degree of airway obstruction was categorized as no obstruction (0), partial obstruction (1, 50-75%), and complete obstruction (2, > 75%): and improvement by more than one grade of obstruction, was defined as "responder by modified jaw thrust maneuver" (Table 1 ). Nonresponder was defined as the airway does not open by the modified jaw thrust maneuver. 
Relation between BMI, Friedman Stage, RDI and DISE Finding after Modified Jaw Thrust Maneuver
Modified jaw thrust maneuver is done primarily by forward jaw thrust with minimum head extension. The sleep experiment was conducted while maintaining the patient in the nonwakeful state (Fig. 1) . To determine the usefulness of other systemic parameters such as body mass index (BMI), Friedman stage, and respiratory disturbance index (RDI), we first selected the least responder group of each level; we then evaluated the difference between responder and non responder group according to the BMI, Friedman stage, and RDI.
Statistical Analysis
All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS), version 18.0 (SPSS, Inc., an IBM Company, Chicago, IL, USA). The unpaired t test, MannWhitney test U test was used to evaluate differences between the responder and non responder groups according to the BMI, Friedman stage, and RDI. Null hypotheses of no difference were rejected if p-values were less than 0.05. Results were presented as mean and standard deviation.
RESULTS
The study sample consisted of 67 male patients, their mean age was 39.85 ± 13.29 years, mean BMI (kg/m 2 ) was 26.02 ± 3.50, mean Friedman stage was 2.60 ± 0.78, and mean RDI was 23.69 ± 22.00 (Table 2) .
In retropalatal level obstruction, responders by modified jaw thrust maneuver were most commonly observed at AP obstruction (70.31%), followed by lateral obstruction (67.35%), and combined obstruction was least observed (66.67%). In retroglossal level obstruction, responders by modified jaw thrust maneuver were most commonly observed at AP obstruction (77.50%), followed by combined obstruction (72.41%) and lateral obstruction (68.75%). Hence, the least responder group was combined obstruction (66.67%) of retropalatal level and lateral obstruction (68.75%) in retroglossal level (Table 3) .
In retropalatal level, comparison between group of responders (32 patients) and group of non-responders (16 patients) in combined obstruction (least responder group), there were no statistically significant differences in BMI (p = 0.182), Friedman stage (p = 0.961), and RDI (p = 0.297) ( Table 4) .
In retroglossal level, comparison between group of responders (33 patients) and group of non-responders (15 patients) in lateral obstruction (least responder group), there were likewise no statistically significant differences in BMI (p = 0.059), Friedman stage (p = 0.238), and RDI (p = 0.344) ( Table 5 ).
DISCUSSION
Loss of consciousness during emergent condition is often accompanied by airway obstruction by posterior displacement of Each level and structure is considered separately, with percentages expressed as a fraction of total number of each subgroup. Percentages sum to greater than 100% because it was possible for a patient to have more than one structure contributing to airway obstruction. No.: number, AP: antero-posterior, Lat: lateral. the tongue or epiglottis. It is already known that the 'jaw thrust maneuver' is an effective maneuver in clearing the airway. 3 When neck extension is unsafe or impossible as with extant or potential cervical spine injuries, rheumatoid or degenerative disease, or ankylosing spondylitis, the jaw thrust maneuver alone may be used without hyperextending the neck (modified jaw thrust maneuver) to improve nasal airway patency. 3 Modified jaw thrust maneuver conducted under the DISE, allowed us to indirectly asses the degree of extension of the airway, in patients with sleep apnea. Mandibular advancement treatment such as MAD, and geniohyoid advancement are now indicated for various degrees of obstructive sleep apnea. [4] [5] [6] However, one issue in the clinical setting, is that different studies have used different criteria for measuring success in response to mandibular advancement treatment have used. 5, 6 The principle of mandibular advancement treatment is the restoration of airway from obstruction and reduction in collapsibility. 7 In several studies, airway obstruction was not caused by simply a pushed back tongue, but rather a combined obstruction of several parts of the airway. 8, 9 Thus, there is a need for a more dynamic diagnostic study for evaluating the effect of mandibular advancement treatment. 10 In our study, modified jaw thrust maneuver did not result in a favorable response in the combined type obstruction group of retropalatal level, and lateral obstruction group of retroglossal level, we therefore emphasized the importance of lateral part of obstruction. But the response of AP obstruction was generally good. These studies reveal the critical importance of near lateral closure in determining the success of mandibular advancement treatment. From this perspective, the lateral portion of the airway that can be closed on CT or MRI, 11 however the disadvantage of these diagnostic methods, is the cost and exposure to radiation. On the other hand, DISE has the advantage of being patient friendly. The evolution of sleep endoscopic technique has led to the formulation of various grading systems. Ideally, the system should cover the entire upper airway, be both simple and practical, and provide a means to quantify the severity of the obstruction. These criteria were taken into consideration when we introduced our classification.
2,12 Fujita et al. 13 divided the upper airway functionally into two portions: the retropalatal pharynx (the region of the pharynx posterior to the soft palate) and the retroglossal pharynx (the region of the pharynx posterior to the vertical portion of the tongue). The division of the pharynx into these sections does not represent a formal anatomic classification but, rather, a descriptive paradigm that appears to have relevance to functional and surgical considerations.
In the comparative study of the least responder groups in each level, systemic parameter such as BMI, Friedman stage, and RDI did not have statistical significance. This result suggested that the modified jaw thrust maneuver performed under DISE was superior in diagnostic value and predicting therapeutic efficacy. In fact, several other studies have reported similar results. 10, [14] [15] [16] [17] [18] [19] [20] Our data showed that, the evaluation of morphological changes in the airway was important, to determine whether mandibular advancement treatment was indicated. In recent years, there have been a few reports on MAD in the dental field. Such studies were designed to directly measure the effects of mandibular advancement treatment, with the added advantage of directly predicting the treatment effect. The current research study was slightly limited in this regard. However, as in the otolaryngologic field, the respiratory tract simply cannot be classified as oropharynx and hypopharynx alone. There are many different surgical approaches besides MAD, hence research similar to our study will likely need to focus on a surgical treatment based classification scheme, in the ENT field. Our research was conducted on Asian males who tend to be westernized in lifestyle, but with distinct racial aspects to the anatomy, a point that may also need to be emphasized.
In summary, modified jaw thrust maneuver for all types of airway obstruction is implicitly understood not to result in enforcement of extension to the same pattern, in all cases. Modified jaw thrust maneuver under DISE is a useful diagnostic tool and predictor of therapeutic effects of mandibular advancement treatment. 
